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Martin

Ananalysiswasmadeoftheperfcmanceofbasio,reheat,regen-
erative,andregenerative-plus-reheatturbine-propellerengines.The
@sis c~er~an~er-allrangeofflightspeedsfhom200to
500milesperhour,altitudesfrcmOto50,000feet,andturbine-
inlettemperaturesfrom2000°to3000°R fm?arangeofcmpressw
pressureratios&am 6to42.Theeffeotsoffllghtandengine
conditionsonfuelconsumption,powerpersquarefootofengine
ft’ontalarea,powerperpoundofengineweight,andairplaneramge
areshownandccmpsredforseveraltypesofturbine-wopellerengine.

“ Theanalysisindicatedthata turbine-propellerenginewith
regeneration,operatingwitharegenerativeeffectivenessof0.5,
gaveabout3peroentgreaterrangethandidthebasicturbine-
propellerengine.Greaterimprovementsinrangeoverthatindicated
‘bythebasioturbine-propellerengineappearpossibleb~use,ofthe
moreooqlexengines,suchasthereheatandtheregenerative-plus-
reheatturbine-propellerengines.Theturbine-propellerengine
witha 100-percentreheatbetweenturbinesandwithaworkdistrilnz-
tionbetweenturbinesthatgaveapproximatelymaximumrangeproduoed
atbest(basedoncalculationsthatdidnotincludetheadditional
weightsrequfredforreheatequipmentandcontrols)about10-peroent
improvementinairplanerange atlowflightspeeds- aboti15to
20percentgreaterrangeata flightspeed.of500milesperho=
+&nthebasicturbine-gmpellerengine.Theimprovementinrange
fortheregenerative-plus-reheatengineoverthatofthebasioengine
wasa fewperoenthigherthanthatgivenforthereheatengine.Fm
thebasicturbine-propellerengineata fltghts~edof500milespr
hourandatanaltitudeof30,000feet,increasingtheturbine-inlet
temperaturefrom2000°to225ooR increasedthemaximumrangeabout
19percent;whereasanincreasefka 2000°to2500°R indicateda
32percentincreaseinrange.

.

.

. . . ..— -------- —- —-. —.- ——— .-. —— ---.—-—. — — - -. —-- ...-... --—.. .. . - -_ _._. .. ___



2 NAOATN2155 *

An analysiswasmadeattheNACALewislaboratqytodetermine
whetherapplicationofreheatorregeneration(ora ca?!hinatlonof
thetwo)totheturbine-propellerengineprovidesappreciableimprove-
mentinatioraftperformance.Theresultsofthisanalyticalstudy
ofengineperformanoeandairplanerangeforthesimpleturbine-
propellerengineandforvariationsfromthesimple,orbasioengine
(nsmely,reheat,regenerative,andregenerative-plus-reheatengines)
arepresented.

The analysiscoveredarangeofflightspeedsfrom200 to
-500milesperhourandaltitudesfromO to 50,000 feet.Theturbine-
i.nlettemperaturewasvariedformostoasesficm20000 to30000 R
and,ingeneral,thecompressorpressure&atiocovereda range
sufficientlywidetoinoludethevalueformaximmairplanerange.

SYMBOLS

Thefollowingsymbolsareusedthroughoutthisreport:

Cv

Dn

F

f

hPc

hpt

J

K

KR

k

L/D

nozzlevelooitycoefficient ,.

nacelledrag,pounds

netthrust,pounds

fuel-airratio

compressorpower,hmsepower

turbinepower,horsepower

meohanloalequivalentofheat,778foot-poumisperBtu

ratioofaveragetoinitialfuelflow

mioatedrange(KtimesR),miles

correctionfhotortakingaccountofohangeofgasproperties
.&uetoocmtmstion,P* airperp- es

lift-dragratioofairplanewithoutnacelles

.
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Wf

Wf‘

‘II!
‘gear

Ahi

ngear

mp

7#j

airplanemange,miles

cmesscmpressureratio

turbinepressureratioacrossfirstturlxtne

over-allturbinepressureratioforcases
employed

free-air-streamspeedrelativetoengine,

free-air-streamspeedrelativetoengine,

wherereheatis

milesperhour

feetpersecond

airflaw,

accessory

weightof

poundspersecond

weight,pounds

cotupressmandturbine,pounds

totaldisposableload,pounis

power-plantweightincludingpropeller,pounds

power-plantweightwithoutpropeller,pounds

fuelflow,poundsperhour

initialfuelflow,poundspermile

grossweightofatrplane,pounds

propellerreduction-gearandgearbmweight,pou@s

idealenthalpydropacrossturbine,Btuperpoundair

propellerreductiongear

propellerefficiency

efficienoy

.

turbineadiabaticefficiency(basedontotalpressures)
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Ecmr?Es

Basictuz%b-propelleren@ne.-
turMne-~opellerenginesinvestigate?
consistsofinletdiffuser,compressor,

ITACATII21.55 .

c,

Thesimplestofthefour .
isthebasicengine,whioh
mIlknlstor,turbine,and w

eihaustnozzle.A ~tic sketch-O?fiiseti~ iS~~n fi 5!
figurel(a). 4’

Reheatturbine-propellerengine.-Thereheatturbine-pqeller
tioallyshowninfigurel(b).Theoperatingoy~leengineisdiagrama

ofthisengineisessentiallythesameasforthebasicengine,
exceptthattheexpansionoocursintwoturbineswithadditional
fuelbeingburnedbetweentheturbinestoinoreasethetotalturbine
work.

Regenerativeturbine-propellerengine● -A dia~tio sketoh
oftheregenerativeturbine-propellerengineisshowninfigurel(o).
Thisenginedeviatesfromthebasicen@nebyhavingtheexhaust
gasesfromtheturbinedirectedthrougha regeneratethatheats
theairleavingtheccaupresscrprevioustotheadditionoffuelin
thecmbustionchmiber,whichreducestheamountoffuelrequired
toattainthedesiredtwrbine-inlettemperature.

,
Regenerative-plus-reheatturbine-propellerengine.-The

regenerative-plus-reheatengine,dlagrammatioallyshown.infig-
urel(d),combinesthefeaturesofm previo~g~ntio=dex~ss

AI?AUm3ANDAsmMPTIoIvs

Performanceof~bine+ropellerEngines

Theassmnptionsmadeinestablishingtheccmponentefficien-
cies,engineweights,andenginefrontalareasfcmthebasicengine
operatingatcurrenttemperaturelevelsarereasonableandattain-
ableinthenearfuture.Forthebasicengineathighertemperatmes
andformorecomplexoyoles,however,theassumptionsare~obably
somewhatOptimistic. A

Thefollowingmethodsardassumptionswereu80dthroughoutthis
analysis: ,

Airflow.-Theairflowis‘assumedtobe5poundspersecond
persmmr ofenghefrontalareaforsea-levelzero-ramoon-
ditioneattheccnzpressorInlet.Atotheraltitudesandflight

.
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conditions,theair-handlingoapacityisoomputedbysettingthe
axialMaohnuuiberattheccqresscrinletequaltothevaluecor-
respondingtothesea-levelzero-ramoondition.

Inletdiffuser.-Theperformanoe‘oftheinletdiffuserwas
assumedtobethesameforallfourturbine-propellerconfigurations.
Condltlonsatthediffuseroutletweredet~d fromthediffuser-
Inletconditionsby.assuminga mnetantvalueof.remrecoverycoef-
ficient(ratioofactualtotheoreticalpressurerise)of0.9.

Compressor.- Forallengineconfigurations,thecompressor
workwascmloulatedfromthediffuser-outletconditions,themxupres-
sorpressureratio,anassumedvalueofmmpressoradiabatiaeffi-
ciencyof0.85,andthedataofreferenoe1. Severalconditions
werealso0mm3teausinga constantsmall-stagecompresscmeffi-
olenoyof0.88insteadoftheoonstantcompressoradiabatioeffioienoy
inordertc$showthesmalleffectofthisassumptiononover-all.
engineperformance.Thesetwoeffioienolesresultinthesame
compressorworkata pressureratioof6.

Ccunbustor.-Thefuelflowrequiredintheenginemibusttxto
obtainthedesiredturbine-inlettemperatureswasdeterminedbythe
useofthechartsofreferenoe2. Thelowerheatingvalueofthe
fuelwasassumedtobe18,900Btuperpoundandtheconibuetioneffi-
oienoywasassumedtobe0.95foralloases.

Forallconditionswherereheatwasemployed,100-peroentreheat
wasassumed;thatis,thet~eratureattheInlettotheseoond
turbinewasthesameasthatattheInlettothefIrstturbine.In -
ordertodeterminethefuel-airratiorequiredinthereheatcombus-
tor,theohartsofreferenoe2,whiohareforair,wereuseddirectly;
~theprimaryocmibustionprocesswasrepeatedassigningthesamemmb~-
tioneffioienoytothereheatburnerastotheprimaryburner.

Mcmentumandfriotionpressurelossesintheprhmryoonibustor.
wereevaluatedIneveryeaseandwerefoundtobe’negligible;mn-
sequently,toavoidunnmessarycomplicationandtoshowm@mum
performanoe,nopressurelosseswereassumedinthereheatotiustor.

!i!urbtne.-Theturbinehorsepowerperyoundofah perseoond
passingtbroqhtheturbinewascalculatedbytherelation

hp@a = (1+ f)kqtAhiJ/550 (1)

—.—- -
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where&i wasobtainedfromreferenoe1,a?xIthefactork, whioh
takesintoaccounttheohangeinphysioalpropertiesofthegas
duri~conibustion,ms obtatnedficmunpublisheddata.Thevalue
of k varied’fromabout1.00to1.02fortherangeofctiitlons
investigated.Theadiabaticturhtnsefficiencyqt wastakenas
0.9fqrtheengineswithoutreheat;forenginesusingreheat,the
ftistandsecondturbineswereeaohassignedaneffloienoyof0.9.
Forthereheatengines,thegas~opertieswererevaluatedandthe
inoreasedfuelflowwasoonsidereilo

Iutiertodeterminetheproperdivisionofover-allexpansion
ratio,andhenoeoftotalwork,betweenthetwoturbinesofthereheat
oyole,a preliminaryanalysiswasmadeinwhichtheexpansion=tio

, acrosstheffistturbinert1 wasarbitrarilyrelatedtotheover-
all~hiII,s~ion ratio‘rt,obytherelation

q.l = (rt,o)x

.

(2)

wherex wasassigned
wasfo- thatO.2was

Vd.U9Sof0.1,,0.2,0.3,0.5,ani0.7.It
veryolosetotheoptimumvalueof x, with

r- toultimateairplanerange,andthereforex = 0.2was .
generallyusedinthepresentanalysisforengines,utilizingreheat.
Twoadditionalturbine-workdivisionsare,however,mmparedwith
thex =0.2distributionforseveraloperatingooniitions.These
additionaldivisionsare(1)the~ion ratioofthefirsttur-
bineistakenastheO.5poweroftheover-allexpdnsionratio
(sometimesthisdivisionisreferredtoas“maximumpowerreheatfi)
and(2)theexpansionratioacrosstheftrstturbineisjustsuf-
fioienttoprcmidethemmpressorwork.

Regenerator.-Forthes@ems’usingaregenerator,theassump-
tionwastie thatbotht@ heating”andcoolingeffectivenessof
theregeneratorwere0.5.An~ublishedanalysisshowedthata
regeneratorhavinganeffectivenessof0.5couldbedesi~dwith
verymderatepressurelosses.Theassuqtionwasthereforemade
inthepresentanalysisthatnopressurelossesoocurredineither
passageoftheregenerator;thisassumptionresultsinonlyslightly
optimisticvaluesofengineperfmmanoe.

Regeneratorweightswereconsid=edandasswnptionsre&’ding
thesewei@s aregiveninthesection*’EngineWeights.1’

.
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Exhaustnozzle.-Thegasesleavingtheturbine(orregenerator)
areexpandedtoatmosphericpressureina nozzle.Thefoil.owimz
equationisusedto
foralJ.fourengine

determinethejetvelocityformaximumthru%
configurations:

CV2
(vJ)==- To

~p~gearvt
(3)

Thise~uationisobtainedbya simplifiedanalysisofthebasic
engineformnstantturbine,propeller-reduction-gear,andpropeller
efficienciesandissimilartothatderivedinreference3;theequa-
tlongivesjetvelocitiesingoodagreementwiththoseobtainedby
morepreciseanalysisofboththebasic--themoreoomplexengines.

Foraid.theconditionsinvestigated,theexhaust-nozzlevelocity
coefficientCv,theturbineadiabaticefficiencyqt, andthe
propeller-reduction-gearefficiencyqge= wereass~d ~~ve cm-

stantvaluesof0.97,0.90,and0.95,respectively.

Propeller.-Thepropellerefficienciesusedweretakenfrom
theappendixofreference4andaregiventithefollowingtable:

ture

FlightMach Propeller
number efficiency

0.2 I 0.85
.4 .85
.6
.7
.8

.85

.82

.70

EngineWeights

Turbine-=openerengines.-A surveyoftheavailablelitera-
wasmadeInco?dertodeterminearepresentativevalueforthe

weightofa turbim-propellerenginetobeusedasareference
weight.Asaresultofthesurvey,thefollowingreferenceengine
specificationswereassumedasthebasisfortheweightcalcula-
tionsusedherein;thereferenceengineisassumedtodevelop
5000horsepoweratzero-ramsea-levelinlet-airc~itione,to

.- ...- ..____ _. .-. —.- ~- .. ---- —. —.- .-. .. —- —z ___ ___ ______ . . _. .
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havea compressorpressureratioof6,a frontalareaof8.9square
feet,andawei@tof2500poundswithoutthepropeller.

AnengineweightIm@&mn indioatedthattheweightofthe z
reductiongearswasabout20~eroentofthetotalengineweight(or ~
051lb/hp),theconibinedweightoftheturbineandcompressorwas
about40peroentofthetotalengineweight,andtheremaining
40percentofthetotalenginewe3@toonsistedofaccessories,
cabustor,nozzle,diffuser,ariisoforth..

Basedonthisweightbreakdownofthereferenoeengine,the
followingweightassumptionswereusedintheanalysis:

Thereduotiongear
horsepoweraccordingto

weightwasassmed
therelation

,

wherethefaotor
weight.

Theweight
forthisassumed

tovaryasthetransmitted

Thscombinedweightofthe
assumedtovarywithcdupressor
relation

Thetotalengine

(4)

compressorandtheturbinewas
pressureratioacmrdingtothe

4,

Wwt =1000

1000represents40

(5)

percentofthereferenoe-engine

Wac ofaocesscn?ies,ocmibustor,nozsle,andso
tohavea constantvalueof1000pounds,or

wac=1000

weightisthen

logerc+ ~ooowet = 0.1qga (hpt-hpc)+ 1000~ (6)

—. . _— .. ____ ----- .. .._ ..- -“-- ““- -.
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Equation(6)wasusedtoevaluatetheengineweightateach
flightconditionforallturbine-propeller-enginetypes.Forthose
enginesthatre@redaregenerator,theregeneratorweightwastaken
as18poundsperpoundofduxrgeairpersecondatsealevelandas
35poundsperpoundofchargeairpersecondatanaltitudeof
30,000feet.Anunpublishedanalysistiioatedthatregenerators
withaneffectivenessof0.5(asusedinthisanalysis)couldbe
designedtomeettheforegoingweightspecifioatlons.noadditioq
weightwasconsideredforthoseenginesrequiring-reheatequipment,
norwasanyweightadjustmentmadefortheoaseswhereturbine-inlet
temperaturewasvaried.

T& ~opellerweightwasod-tea asinreferenoe4 asa
funotionofthepowerabsorbed,thealtitude,andthefllghtspeed
forallturbine-propellerconfigurations. .

AirplaneLoad-RangeCharacteristics

Airplaneultimaterangewasoalmlateaasinreferenoe4. The .
initial.grossweightWg oftheairplanewasconsideredas

Wg= (F-Dn)L/D (7j

wherethemaximumlift-dragratioL/D oftheairplanewithout
nacelleswasassumedtobe18.Thismaximmvalueof18wasused
asthelift-dragratioforallflightconditionsatwhichthewing
loadingdlanotexceed80poundspersquarefoot.Forflightre-
nditionswherea lift-dragratioof18resulteainwingloadings
greaterthan80poundspersquarefoot,lift-dragratiowasso
Sdjusteathatthewingloadingremaineaconstantat80poundsper
squerefoot.EnginethrustF andnacelledragDn weremmptrtea
byuseofthepropellereffioiemiesanddragcoefficients,respec-
tively,oftheappendixofreferenoe4. Bothdragcoefficientand
propellerefficiencywerefunotionsofflightWchnumber.

Thestructureweightoftheairplanewasassumedas40pement
oftheinitialgrossweight,andthefueltankweightas10percent
oftheinitialfuelweight.Thetotaldisposableloadoftheair-
plane(weightoffuel,fueltank,andoargo)divibdbythegross
weightoftheairplanew thenbeexpressesas .

. ,
—. .. -— .. .____ ___ ..__ ._ --- - .—— . ...— — .— ————. . . . . .
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Wd we D
— = 0.6.— --
‘8 F-%L

whereWe istheweightof‘theengineandpropellar.4

Theinitialfuelflowperpoundofgrossweightisgivenby

wherethe
powerand

When
fuel-tank

(8)

Wf‘ ‘fl D—-
‘= TF-~L‘g

(9)

fuel flowWf inpoundsper- is- w~u~t ofnet
netspecificfuelconsmuption.

theentiredisposableweightisconsideredasfueland“
weight,themxlmumindioatedrangeBR isobtainedby

dividingequation(8)byequation(9),or

Wd
rKR._JLWf‘ (lo)

l.&—

Thefa’tier1.1.asweviously
weight.Themrrec%ion~aotorK-
theinitialfuelflowandaccounts

’43

indicated,accountsforfuel-tank
istheratiooftheaverageto
fordeviationsinfli@tp~

andforprogressivereductioningrossweight,andhenoe,reduction
inrequiredfuelflowduringthefli@t.valuesof K wed~re~n
=9 basedontheBregustrangeequation@, asshowninreferenoe4,
area functiononly~ thetitloW#g. -

RESULTSANDDlHXlS810N

Theperformanoe ofthebasic,thereheat,the
andtheregenerative-plus-rebatturbine-propeller

...——— -- — .-

regenerative,“
enginesandthe
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airplane-range~teristics ofthese
discussedinthefollowingsections:

I I.1

turbine-propellerenginesare

PerformanceofBasicTurbine-PropellerEngine

specificfuelconsumption.-Thenet*t horsepowerspecific .
fuelconetnnptionofthebasicturbine-~opellerengineplotted
againstcompressorpressureratiofora turbine-inlettemperature
of2000°R isshowninfigure2(a).Curvesareshownforflight
speedsof 200, 300, 400, and 500 miles perhourataltitudesof
O,15,000,30,000,and50,000feet-.-

Asthecompressorpressureratioisincreasea,thespecific
fuelconsumptiondecreasesuntilaminimumvalueisreachedafter
whichfurtherincreaseinpressureratioresultsinincreasedspecific
fuelconsumption.~e compressorpessureratioforminimumspecific
fuelconsumptionincreaseswithIncreasingaltitude,beingabout15
atsealevel- beyondtherangeinvestigatedatthehigheralti-
tudes.Thecurvesare,however,relativelyflatandthefuelcon-
sumptioniswithina fewpercentoftheminimumvalueata cmqressw “
pressureratioof20.Specificfuelconsumptiondecreasesasalti-
tudeisincreasedovertherangeinvestigated.

Thespecificfuelconsumptiongenerallyciecreasesastheflight
speedisincreasea;however,theeffectoffltghtspeedissmall.at
allaltitudes.

Powerperunitenginefbontalarea.-Correspondingvaluesof
netthrusthorsepowerpersquarefootofenginefhontalareaforthe
basicengineareshown-inf-e 2(b).Asthecompressorpressure
ratioisincreasedfromthelosestvalxmshown,thepowergenemlly
increasesuntilamaximumvalueisreachedafterwhichfurtherin-
creaseinpressureratioresultsindecreasedpower.Thecompressor
pressureratioformaximumpowerincreaseswithincreasingaltitude,
andfora givenaltitudeandflightspeed,themaxtiumpoweroccurs
atlowerpressureratios.thanminimumspectilcfuelconsumption.
Thepower&ecreasesasaltitudeisinoreaseaovertherangeinves-
tigated,principallybecauseofthedecreaseaair-handlingcapacity
oftheengine.

.
Thepowerincreaseswithincreasingflightspeeii;theincrease

ismorepronouncedatlowthanathighcompressorpressureratios.
Thisincreaseis&uemainlytotheincreaseinairflowperunit
frontalmeaasflightspeeaisincreased.At~ cqessa
pressureratios,however,anincreaseinflightspeed(withresulthg

.

-....—— --. ..— ._ .._
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inoreaseincompressor-inlettemperature)oausesa greaterrelative
inoreaseincompressorworkperpoundofairwithrespecttoturbine k
wbrkperpo@ ofairthanatlowpressureratios.
aotinginoppositiontotheeffectofi.noreaseaair
ina smallernetgaininpowerforagiveninorease
aspressureratioisinoreased.

T& effect, -m
flow,results 3“
inflightspeed.

Poweryerunitengineweight.-Thenetthrusthorsepowerper
poundofengineweightplottedagainstcompressorpressureratiois
showninfigure2(0)fcmthesamerangeofconditionsasinfig-
ures2(a)and2(b).Ingeneral,thetrendsofpowerperunit_
weightwithrespecttoaltitudeandflightspeeaaresimilartothose
ofnetpowerpersquarefootoffrcmtalareashwninfigure2(b).For
constantflightvelocity,curvescd’power~r @t engineweightdecrease
withincreasingcompressorpressureratio;thedecreaseislesspro-
nouncedasaltitudeisincreasea.

Effectofturbine-inlettemperatureandoompressoreffioienq.-
!!%0effectsareshownZnfigures2(d)to 2(f):(1)theeffectof e
turbine-inlettemperatureonengineperformanoeti (2)theeffect
ofusingeithera constantadiabaticora constantsmall-stage
compressorefficiencyonengineperformance.

Theeffeotofturbine-inlettemperatureonspecificfuelom-
swnptionisshownInfigure2(d)wherenetthrusthmsepowerspeolflo.
fuelconsumptionisplOttOaegainstmmpressorpressureratiofor
turbine-ihlettemperaturesof2000°, 2250°, ad 2500° R ata flight
speedof500 miles perhouramlanaltitudeof30,000feetfw a
constantadiabaticmmpresscrefficiency.lhoreasingthealtitude
from30,000to50,000feetwasfouud.tohavenegligibleeffeoton
specifiofuelconsumption,andconsequentlythemrvesforanalti-
tudeof30000feetalsoapplyatanaltttudeof50,000feet.
Figure2(d\showsthatadeoreaseofabout12percentinspeotiic
fuelconsumptionisobtainedbyincreasingtheturbine-inlettem-
peraturefrom2000°to2500°R,iftheincreaseintemperatureis
accompaniedbya correspondinginoreaseinpressureratio.

Alsoshowninfigure2(ajareourvesofspecificfuelconsump-”
tionthatwereoalmlatedusinga small-stagemmpressoreffioienoy
forthesameflightspeedad altitudesandfarturbine-ldettem-
peraturesof2000°,2500°,_ 3000°R. Thesmall-stagemmpresscu’
efficiencywastakenas0.88,-whiohresultsinthesamecompressor
workata compressorpressureratioof6astheadiabaticccwnpessor
effioienoyof0.85andhencethesameengineperfomanoe.Thisplot
indioatesaboutthesamepercentagedeorease@ epeoifiefueloon-
sw.ptionasobtainedwithconstamtadiabaticeffioienoyforan
inoreaseinturbine-inlettemperaturefrom20000to2500°R.

.

.

,,
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Curvesofnetthrust
correspondingtothe

areshowniifig&e2(e).

I-3

horsepowerpersquarefootofenginefrontal
specificfuelconsumptionoffigure2(d)
Witha constantcommresaoradiabatlo effi-

CMenoy,an inoreaseintheturbine-inlettempe%wref%om20000 to
2500°R resultsinaninoreaseinthemaximumthrusthorsepowerof
about60percentatboth30,000and50,000feetwithaninoreasein
mrrespondingpressureratiofrom8to14.Alsoplottti on fQ-
ure2(e)arecurvesoalaulatedusinga small-stagecompressoreffi-
ciencyforthesameflightspeedandaltitudeanlforturbine-inlet
temperaturesof2000°,25000,andqOOOoR. Aswiththeoonstant
adiabaticefficiency,aninoreaseinmximumthrusthorsepowerof
60percentisobtainedforaninoreaseinturbine-inlettemperature
from2000°to2500°R atbothaltitudesshown.

Correspondingvaluesofnetthrusthorsepowerperpoundof
engineweightareshowninfigure2(f).lhaU oasesthepowerper
poundofengineweightdecreaseswithinor~ingcompressorpres-
sureratio.Whencomparedatthecompressorpressureratiocorres-
ponding$0maximmpowerperunitfrontalarea,thepowerperunit
weightisinoreased25percentforaninoreaseinturbine-inlet
temperaturefrom2000°to2500°R atbothaltitudes.Curvesof
netpowerperpoundofengineweightoalmlatedusinga small-stage
compressorefficiencyareincludedforcomparisonandagainshow
onlysmalldifferencesfromtheourvesforconstantadiabaticeffi-
ciency. .

PerformanceofReheatTurbine-PropellerEngine

Thereheatengine,althoughmoreomplexthanthebasicengine,
offersthepossibilityofmibstanthllyinoreasedpoweroutput.Tn
thepresentanalysis,aspreviouslyNiOatea,thepressureratio
ofthefirstturbinewasohosentobeequaltothe0.2powerofthe
over-allturbineexpensionratio;andthereheatwasassumedtobe
100percent;thatis,enoughfuelwasaddedbetweentheturbinesto
bringtheturbine-inlettemperatureattheinletoftheseoondtur-
btnetothesamevalueasthatattheinlettothefirstturbine.

Spedficfuelconsumptlon.- tifigure3(a);netthrusthorse-.
powerspecificfuelconsumptionisplottedagainstcompressorpres-
sureratiofa aturbine-inlettemperatureof2000°R. Curvesare
shownforfli@tspeedsof200,300,400,and500milesperhourat
altitudesof0,15,000,30,000,and.50,000feet.Thecurves,whioh
havetrendssimilartothoseforthebasicengine,indicatea~ox-
imatelythesamespecifiofuelconeumptionsasforthebasicengine

. L,
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ata mmpressorpressureratioof6 andsomewhatlowervaluesthan
fdrthebasiceng~ ata pressureratioof20.

Powerperunften@nefrontalarea.-Correspond-netthrust
horsepowerpersquarefootofenginefrontalareaforthereheat
engineareshownInfigure3(b).Againthecmrveshaveaboutthe
same-shapeasthoseforthebasicengine;however,msximumpower
occursathigherpressureratiosforthereheatoyoleandisroughly
20percentgreaterthanthatofthebasioengineatallctiitions.

Powerperunitengineweighb.-Thenetthrusthorsepowerp&
poundofengineweightforthereheatengineisshowninfigure3(0)
plottedagainstcompressorpressureratioforflightspeedsof200,
300,400,and500milesperhourataltitudesofO,15,000,30,000,
and50,000feet.~ curvesaresimilarinshapetothoseforthe
basicenginebutindioatelargervaluesofpowerperunitweightat
all.conditions. Aspreviouslystated,however,noinoreasewas
madeinengineweighttoacmuntforturbinestaging,additional
combustors,oradditionalstructuresandconsequentlythemrves
area directresultoftheinoreaseinthepowerofthereheat
engineoverthatofthebasioengine.

,
Effectofturbine-ldettemperature.-b figure3(d),thenet

thrusthorsepowerspecificfuelmnaumptionofthereheatengine
isplotted&ainst&mpressorpressure-ratioforturbine-inlet
temperaturesof2000°,2250°,and2500°R ata flightspeedof
500milesperhourandanalt!tudeof30,000feet.Asfortie
basteengine,thesameourvesapplyat50,000feet.Thec-es
aresimilarinshapetothoseforthebasicengine,butslightly
lowerspeoifiofueloonsumptionsareindioatedforthereheatengine
atallotitions.

Netthrusthorsepowerpersqm footofenginefrontalarea
forthesamerangeofvariablesisshowninfigure3(e).Increasing
“theturbine-inlettemperaturefram2000°to2500°R inoreasesthe
mu&um thrustpowerabout60percentatboth30,000- 50,000feet
aswasalsofoundforthebasioengine.

CorrespondingmrvesofnetthrusthcmsepowerperPO- of
engineweightareshowninfigure3(f).3horeasingtheturbine-
inlettqeraturefrom2000°to2500°R inoreasesthepower-per
unitweightabout30percentatb- 30,000~ 50,000feetat
compressiirpressuretitioso-espo-
frontalarea.

. .

tomaximmipowerperunit

. ,,

.
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Effectofturbinepowerdivision.- Tnordertoillustratethe
effeetonperformanoe ofvariouspuwerdivisionsbetweenthetwo-
turbinesofthere,h&tengine,threeconfigurationsofthereheat
enginearebzed infigure3(g)onthebasisofnetthrusthorse-
powerspecificfuelconsumptionandnetthrusthorsepowerpersquare
footofenginefrontalareaforarangeofmmpressorpressure
ratios● Thecurvesarefora flightspeedof200milesperhour
atsealevelanda turbine-inlettemperatureof20000R;thegeneral
shapeofthemrveis,however,s~ atotherflightspeedsand
altituaeE. Thethreereheatengines~~iaer~are:(1)anengine
inwhlohthepressureratioofthefirststageisequaltothe
0.2poweroftheover-allavailableturb~~ess~eratio;(2)
anengineinwhlohthefirst-turbine-stageexpanstonratioistaken
asthe0.5poweroftheover-allturbineexpansicmratio;(3)an
engineinwhiohtheexpansionratioofthefirstturbinestageis
soselected.astodoonlythewmpressorwork.Inallthree~es
ofengine,a turbineadiabaticefficiencyof0.90wasusedfm eaoh
stageregardlessofworkdistribution.Ccrresp_ curvesfw
thebastoenginearealsoshowninfigure3(g). .

Theengine inwhioh thefirstturbinedoestherequiredca-
pressmworkresultsInthehighestspeoifiofuelconsumption,
whereastheengineusingthe0.2 powerdistributiongivesthe
lowestspeoifiofuelconsumptionovertherangeofmmpressor
pressureratiosconsidered(fig.3(g)). Theenginewiththe0.5
powerdistributionresultsinthehighestpowerperunitfrontal
area,whereastheenginewiththeO.2powerdistributionresults
Inthelowestpmer‘perunitareaofthethreeengines.Theengine
withthe0.2powerdistributiongivesabout10percentlowerspeo-
ifiofuelmnsumptionand13peroentlowerhorsepowerperunit
enginefrontal.areathantheenginewith0.5powerdistribution.-

Theenginewherein thecompressorisdrivenbythefirsttur-
binestage(usuallythetyrbineandthecxessorareconsidered
coupledbya separateshaftwiththesecondturbinedelivering
powerdtieot~tothepropeller).Isdesirableframcontroland
mmpo~timatohing00n8iderati0n8.Boththissystemandtheengfne
withthe0.5powerdistribution“are,huwever,omitted&cm further
considerationsinasmuohasaprels studyshowedtheseengines
tobeinfericminairplanerangeperformancewhenmmparedwith
theengh2ewiththe0.2powerdivision.

comparingtheMnlnlumspecifiofuelconsumptionshownforthe
reheatengineusingthe0.2powerd,istiibutionwiththendnimmn
shownforthebasicengineindioatesaboutan8-percentdeorease.

.

,
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Themaximumthrnsthorsepowershownforthereheatenginewiththe
0s2powerdistributionis22percent,greaterthanthemaximumin3i-
oatedforthebasic-engine.

PerformanceofRegener&tiveTurbine-PropellerEngine

Specificfuelconsumption.- Infigure4(a)netthrusthorse-
powerspecificfuelconsumptionfortheregenerativeturbine-propeller
e@ne isplottedagains,toompressm?pressureratiofora turbine-
inlettemperatureof2000°R atflightspeedsof200,300,400,and
500milesperhourandaltittiesofOand30,000feet.Minimumspec-
ificfuelconsumptionocowrsatcompressorpressureratiosofappr~-
imately6atsealeveland10at30,000feet.Thesepressureratios,
forminimmfuelconsumptionarelowerthanthoseforanyofthe
previousengines.Themaximumdecreaseinminimumspcificfuelcon-
sumptionofthiseng~ fromthatofthebasicengineis4 percent
atsealevelandlessthan1peicentat30,000feet.Whenthespeo-
ifiofuOloonsumptionsofthetwcenginesarecomparedata pressure
rattoof8,theimprovementoftheregenerativeen$ineoverthatof
thebasioengineisabout7and14perce?rtatalt~tudesofOand
30,000feet,respectively,forallflightspeedsinvestigate.

Powerperunitex@nefrontalarea.-Netthrusthorsepower
persquarefootofenginefrontalareaisnotpresentedfa the
regenerativeengine,inasmuohastheonlysignificantchangefrcm
thatofthebasiceng~ isthedtfferenoeinfuelflow.Thepower
perunitareaoftheregenerativeeng~ wasfotitobewithin
1percentofthebasicenginevalues(fig.2(b)).

E’owerper unitenginewei@t.-Correspondingnetthrusthorse-
powerperpoundofengineweightisshowninfigure4(b).Because
oftheaddedweightoftheregenerator,thepowerperunitengine
weightislowerthanthatofthebasioengineateveryoperating
Conaition.

Effectofturbine-inlettemperature.-Thevariationofnet
thrusthorsepowerspecificfuelmnsumptionwithcuupressorpres-
sureratio- turbine-inlettemperatureata flightspeeaof
500milesperhourandanaltitudeof30,000feetisshownIn
figure4(c).ThecompressorPessureratioformirdmumspecific
fuelmnsmptiainoreasesfromabout8at2000°R to14at2500°R
witha correspondingreductionofapproximately10percentb
specificfuelconsumption.

.

.,

.
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Thepowerper~t frontalareaisnotshownbeoause,aspre-
viouslye@ained,figure2(e)forthebasicenginegivessufficiently
acmxratevaluesfortheregenerativeengine.

5s netthrusthorsepowerperpounlofengineweighttsshuwn
infigure4(d)plottedagainstmmpressorpressureratio.A gain
of30peroentisindioatedfora ohangeinturbine-inlettemperature
from2000° to 2500° R atpressureratioscorrespondingtominimum
specificfuel mnsmptdon.

Performanoe ofRegenerative-Plus-ReheatTurbims-

PropellerEngine

Specifiofueloonsumption.-Thevariationofnetthrusthorse-
powerspeoiflofueloonsmptionwithmnpressorpessureratiofor
therege~tive-plus-reheatengineisshowninfigure5(a).Curves -
areshownforflightspeedsof200,300,400,and500milesperhour
ataltitudesofOanl30,000feet.Atsealevel,thecombinationof
regenerationandreheatgivesa decreaseinminimumspecificfwl
oonsmptionofapproximately2peroentfromthatofthereheatengine
(fig.3(a]),6percentfromthatof* rege~tive~~
(fig.4(a)),and10peroentfromthatofthebasicengine(fig.2(a)).
At30,000 feetthecorrespondingdeoreasesinfuelmnsumptionare
a~oximately4,5,and7percentforthereheat,regenerative,and
basioengines,respectively.Thecompressorpressureratiosfor
minimumspeoifiofuelconsumptionfortheregenerative-plus-reheat
engiqe,whlohare8atsealeveland12at30,000feet,=e lower
thanthoseforboththereheatandthebasicenginesandslightly
higherthanfortheregenerativeengineatbothaltitudes.

Powerper unitenginetiontalarea.-Thearrespondingnet
thrusthorsepowerpersquarefoot& enginefrontalareaforthe
regenerative-plus-reheatengineisacmn’atel.yrepresentedbythe
curvesoffigure3(b)forthereheatengm. .

Powerperunitengineweight.-Thenetthrusthcu’sepowerper
Po@ ofengineweightisshowninfigure5(b).Thevaluesare
slightlylowerthanthoseforthereheatenginebe-useofthe
additionoftheweightoftheregeneratcu’.,

Effectofturbine-inlettemperature.-The=iationof-t
thrusthorsepowerspeoifiofuelconsumptionwithmmpressorpressure
ratioandturbins-inlettemperatureata flightspeedof500miles

.-
.

,
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andanaltitudeof30,000feetisshowninfigure5(c).The -
ratioforminimumspecificfuelooneumption@oreasesfrm
ata turbtne-inlettemperatureof20000R toabout20ata

temperatureof2500°Rwithamrrespondingreductionof8peroentin ~
minimumspecifiofuelmnsumption.

!!
Netthrusthorsepowerperporedofengineweightisshownin

figure5(d).l!hesecurvesarethesameasthoseofthereheatengine
exceptfortheeffectofaddearegeneratorweight.

A&plane-RangeOharacteristioswithTurbine-
.

PropellerEngines

Fora givenflightspeedandaltitude,minjmumfuelconsumption,
m4ximmupowerperunitfrontalarea,and~wm powerperunit
wei@tmayoccuratwidelydifferentmmpressorpressureratios,as
showninfigures2 to5.Theseperformanoeparametersareallrelatea
toairplanerange,sothatifultimateairplanerangeisusedasthe
oriterionofengineperformnce,thewmpressorpressureratiocor- .
respondingtomeximumulttiterange- bemneideredtobethevalue
atwhichtheparameters.areproperlyweighted.b thefollowingdis-
cussionofatcplane-rangeCharacteristics,the-e foreaohflQht
speedandaltitudecorresponds,exceptfw a fewoasesaspreviously
Indioated,toa compressorpressureratiodefinedintheforegoing
way.

Basicen@ne.-Therangeoharmteristiosofanairplanepowered.
bythebasicturbine-~opellerenginsfora turbine-inlettemperature
of2000°,R areshowninfigure6(a),wherethe“dimensionlessratioof
totaldisposableloadtogrossweightWfi Isplottedagainstthe.
initialfuelflowpertonofgrossweight!3000Wf‘/wgfora rangeof
flightspeedsataltitudesofO,I-5,000,30,000,and50,000feet.
A separates~ol isusedforeaohflightspeed,andthecmrp??essor
pressureratiosforulthnaterangearetabulatedonthef@ure..

Therangeisgiveninthismannerbeoauee,asshownInrefer-
ence4,suohplotsaffcrdameansofpresentingnotonlytherange
forverlousconditionsofflightspeed,altitude,- payloadbut
alsoshowtheeffeotsofohangesinmanyofthepertinentairplane
andenginedesignvariables.

Theultimate range,
disposableleadooneists

that isthe
offueland

raw forwhichtheentire
tankweights,isobtainedfroIu

-.

.
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theslopeofa linedrawn
point.(Seefig.6(a).)

&cm theoriginthroughany
Theslopeofsucha lineis

ratioofthedisposable-loadto&e initialfuelrate

19

operating
equaltothe
anaafter

~ multiplicationb;thefaotor2000/1.1becomestheIndioated-e
w KR. (Seeseotion‘ANALYSISANDASSUMPTIOI!S.”) Forconvenience,
4 soalesforestimatinginai~tiarangeRR andratioofaverageto

initialfuelflowK areInoluded.Infigure6(a),themaximum
ultimterange(fortheconditionsinvestigated)oocursata fllght
speedof.200milesperhour_ analtitudebetween15,000anl
30,000feetwherea KR ofabout7100milesisIndioated.Thevalue
of K forthemrrespondingdisposableloadis0.73,givinganactual
maximmrangeofabout9800miles.Atconstant~altitude,therange
deoreaseswithincreasingflightspeed.

TheallowableP&Yload(thepayloadisthedlfferenoebetween
thetotaldisposableweightandtheweightoftherequiredfuelplus
fueltanks)fora speoificrangelessthantheultimaterangemay
alsobeestimatedfromfigure6(a)asfollows:A lineisdrawnfrcm
theorigintothedasireilrange,”forexampleto RR equals1000miles
(fW. 6(a)). Thevertioaldistanoefroma givenspeed-altltudeoper-
atingpointtothislineisthepayloadperpoundofgrossweight,
andthevertioalalstanoebelowthislineistheweightofthefuel
andtankperpoundofgrossweight.Thevalueof K corresponding
tothisvalueoffuelplustankweightperunitgrossweightis
obtainedfromtheplotontheleftsideofthefigureandisUaea
tooalculatetheaotualrange.

.
.

Theultimaterangeandthecorrespondingcompressorpressure
ratioforeachflight-speed-altitudepointaretabulateaintable
forthebasioandsucceedingenginbtneso

The&feotofincreasingtheturbine-inlettemperatureonthe
rangeOharaoteristicsofthebasicengineisshowninfigure6(b)
fora flightspeedof500milesperhourataltitudesof30,000and
50,000feet.Curvesareshownfortemperaturesof2000°,2250°,
and2500°Rwiththecompressorpressureratiobeingvariedfrom
6 to20,6to32,S31d6to42,~espe~tive~,as~i-tea ~ *e
figureeW everyease,increasingpressureratioovertherange
investigateoausesbothdisposableload@ fuelflowtodeorease.

I

Atanfititudeof30,000feet,increasingtheturbine-inlettempera-
turefra20000to2250°R inoreasesthe“ultimaterangeabout19per-
oent,whereasaninoreasefrom2000°to2500°R resultsinonlya

# 32peroentinorease,whichindioates-t rangeinoreasesata
decreasingrateastemperatureinoreases.S~lY, at50000feet>
increasingtheturbine-inlettemperaturef&om2000°to22506R

—. . ---- ——-. —- . —— .— . .- —— -



increasestheultimaterangeabout25peroent,whereasanimn?ease
fra20000to2500°R resultshen increaseof47percent.The
increaseinrangeduetotheincreaseInturbine-inlettemperature GIsacuompani~byanincreaseinmmpressorpressureratiofrom14 a
ata turbine-inlettemperatureof2000°R to20ata temperatureof 4
2250°R andto26ata temperatureof2500°R foranaltitudeof
30,000feet.Atanaltitudeof50,000feet,thepressureratio
increasesfrom8ata turbine-inlettemuezxdmreof2000°R to14
ata temperatureof2250°R ~

Alsoshowninfigure6(b),
constant_-stage compressor
imatelythesameasthoseshown

to20a~a temperat~e‘of2500°R.

arecurvesobtainedbyuseofa
efficlency.Theseourvesareapprox-
fora constantadiabaticefficiency.

Noincreaseinengiqewei@twithincreased.turbine-inlettem-
peraturewasassumed;however,anincreaseinengineweightwould
reduoetheadvantageofusinghighturbine-inlettemperatwes.

Reheatengine.-Therangeohazwteristiosforthereheatengine
areshowninfigure7(a)withthecurvesforthebasicenginesuper-
imposedasdashedlines. .

Farsomeconditions,thecoml&essorpressureratiocorresponding,
toultimaterangefortheraheatenginewitha turbine-inlettempera-
tureof20000Rwasfoundtobegreaterthan20.Fcrthesecases,
therangecorrespondingtoapressureratioof20isshown.This
limitonpressureratioresultsinamaximumdeviationfrtnnthetrue
ultimaterangeoflessthan5percent.About10-percentiq?rovement
inrangeresultingframtheuseofreheatisnotedatthelowfllght
speedsandgainsofabout15to20percentarefoundata flightspeed
of500milesperhour.Aspreviouslyimdicated,theperfoqmanoecal-
culationsforthisengine(andalsofortheregenerative-plus-reheat
engine)donotincludetheadditionalweightsre@redforreheat
equipment@ controlsandtheturbineefficienciesassumedare

-probablyoptimisticfor=S engine.

Theeffectofincreasingtheturbine-inlettemperatureonthe
rangecharacteristicsofthereheatengineisshown~ figure7(b).
Atanaltitudeof30,000feet,anincreaseInrangeofabout15per-
centisachievedbyi.noreasingthetemperaturefra2000°to2250°R.
Increasingthetemperaturef%om2000°to2500°R causesanincrease
inrangeofapprcmimately27percent.Atanaltitudeof50,000feet,
therespectiveIncreasesinrangewtthtemperatureare20and40per-
cent.Theultimaterangeandcorrespondingcompressorpressureratio
foreachflight-speed-alti’hidepointaretabulatedintable1+
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NAOATN21.55 21

Regenerativeengine.-A comparisonoftherangeOharaoteristios
oftheregenerativeturbine-propellerenginewiththoseofthebasic
engineismadeinfigure8(a).Thegaininultimaterangeobtained
byusingregeqtionoverthemaxtmum-e ofme ~SiGengineiS
about3percentforallflightootiitions.

Theeffeotofincreasingturbine-inlettemperatureonrange
characteristicsoftheregenerativeengineisshowninfigure8(b).
Theimprovementinrangeata flightspeed.of500milesperhourad
analtitudeof30,000feetobtainedbyincreasingtheturbine-inlet
tentpezaturefrom2000°to2250°R is16pbroent;anincreasein
tnrbine-inlettemperaturefrom2000°to2500°R givesa 31-percent
gain.Tabulatedvaluesofultimaterangeandmrresp-ingcompressor
pressureratioaregivenintableI.

Regenerative-plus-reheatengine.‘-Infigure9(a),therange
oharmteristicsoftheregenerative-plus-reheatengineam cxqarad
withthatofthebasicengine.Theregenerative-plus-reheatengine. showsavalueof RR of~about81OOmileswitha K of0.73,giving
anultimaterangeofabouti11,100milesata flightspeedof200.miles
perhouratanaltitieof30,000feet,ascamparedwithanultlmate
rangeof9800miles(tableI)indicatedforthebasicengineatthe
sameOonaitions.

TheimprovementInrangeoftheregenerative-plus-reheatengine
overthatofthebasicengine,forallconditionsshown,isa few
percenthigherthanwe improvementinrangeofthereheatengine
overthatofthebasioengine(tableI).

Infigure9(b),ata fltghtspeedof500milesperhonrandan
altitudeof30,000feeta gainofabout15percentinrangeis
obtained.whentheturbine-mettezmeratmeisinoreaseaflwm2000°
to2250°R;antiOreSsetitqrbine-inlettqraturef- 20000to
2500°R givesa 27peroentgain.

SUl@WIYoFR&151

Theresultsofananalyticalinvestigationofthemmparative
perfomanoesandrangeoharaoterlsticsofavarietyofturbine-
??q?ellerengines(basic,reheat,regenerative,andregenerative-.
plus-reheatengines)~ besunmmrizeaasfollows:

1.comparisonOftheminimumspecificfuelconsumptionofthe
regenerative-plus-reheatturbine-propellerenginewiththesimpler
turbine-propellerenginesShoweathatatsealevelthemubination

“
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ofregenerationandreheatgaveadeoreaseinminimumspecif’iifuel
consumptionofapproximately2peroentifromthatofthereheatengine
6peroentfromthatofther@e~tive engine,and10percentficm
thatofthebasicengine.Atanaltltudeof30,000 feet,themrres-
pondingdeoreasesInfuelconsumptionwere4,5,and?peroent,
respectively.Theoompresscm‘pressureratiosforminimumSpeoific
fuelconsumptionfartheregenerative-@us-reheatengine,whioh
were8atsealevelad 12atanaltitudeof30,000feet,were
lowerthanthoseforboththereheatandbasicen@nesatislightly
higherthanfortheregenerativeengineatbothaltitudes.

2.Therangeoftheturbine-propellerengineinoreased.ata ~
decreasingrateastheturbine-inlettemperaturewasimreasea,
(no imrease in engine weightwasassuwatoacmxmnodateinoreases
Inturbine-inlettemperatures).Forthebasicturbine-propeller
engineata flightspeedof500milesperhourand.analttttieof
30,000feet,inu’easingtheturbine-inlettemperaturefrom200.0°to
2250°R inoreaseathemaxWmrangeabout19percent,whereasan
inorease from 2000° to2500°R i.ndioateda 32percentinoreasein
range.Theseinoreasesinrange,however,wereaocqiea by
inoreasesinocmpressorpressureratio.

.
3.A turbine-propellerenglnswith100-percentreheatbetween

turbines,andwithaworkdistributionbetweenturbinesthatgave
approximatelyHimumrange,resultedinatbestabout10-peroent
~ovementinairplanerangeatlowflight’speeds- about15to
20percentgreaterrangeata flightspeedof500milesperhour
thanthebasictibine-wopellerengine.Thistrendwasconstant

‘asaltitudewasohanged.Theperformanoe oalmlationsdidnot
inoludetheadditionalweightsrequiredfcmreheatequipmentand
controls,andtheturbineeffioienoiesassumedwereprobablyopti?n-
isticforthisenginewhencompar~withthebasloengine.

4.A turbfne-&pellerenginewithregeneration,operati&with
aregenerativeeffectivenessof0.5,gaveabout3percent~eater
q thandidthebasicturbine-propellerengineatallflight
speetih altitudesi

5.A turbine-pmpell=engineoperatingwitha mmbinattonof
regeneration~ reheatindioateda slightlygreaterimprovementin
rangeoverthatoftheWsioturbins-propellerengineatallfllght
speedsandaltttud.esthanthatfoundforthereheatengine.

lewisFlightPropulsionlkb-t~,
NationalAdvisoryCommitteeforAeronautics,“

Cleveti,Ohio,J~y 10,1950.

.
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TABLEI - ULTIMAT8RAHGEOFAIRPLAREWITRTUR81M-PROPBLLEREHGIRE

(a) l%rbine-inlettemperatureof-o R “

8SSi0 turblne-
propeller
e-e

Reheatturbine

Regenerative
turblme-
propeller
engine

m.l~t Altitude
(f’t)

(mph)I o I 16.000 I 3(

% compressorRen8ecanpressorRange
(miles) ~r:ty (miles) pr:~ (miles

200 12 9800 9200
SW %% 9200 H 8s00
400 4000 z 6400 14 8600
600 2200 8 3700 10

200 10,s00 20 10 10,’700
Soo ‘?900 20 %
400 +&J 20

10,s00
4500 20 9400

600 2500 14 20 6200

800 8600 8 10,200
7300 9600

400 4%?00 :
%%

200 10+%11: 11,1oo
10,600

400 9600
22 8 6200

,000
anpressol
pressure
rat10

26
12

E
8

14
14
14
12

60.000

Regenerative-
plue-reheat
turbine-pro-
pellerenginJ

lFfist~b~e preea~ ratioequlto().SpowerOravailablepressureratio.

L7600 14
6700 14
6000 12
4600 8

t

80
%% go
‘zooO $20
5400 14

(b) Torbine-imlettemperaturesoi’2260°k 26000R forflight
apeedof 600milesperhour

!hrbime-inlet Altitude
temperature (ft)

(OR)
60,000 ‘ 60,000

RangeOcmpressorRangeCmnpressor
‘(miles)prya~oe (ties:pr::~

13aaioturblne-
propeller 6400 20 5600 14

i%% 7100 26 6600 20

Reheattnrbine-
propeller 2260 noo se 6600 22
englnel 7900 42 7600 82

Regenerative
turblne-pro- 2260 6400
pellerengima 2500 7200 ;:

Regenerative-
plue-reheat

-. 7100
L?L?e&inel = 7800 H

.
‘Firstturbinepressureratioequalto0.2powerofavailable

preasnreratio.

,/

.
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!CU3Mne
\

‘-”%”rawT’@$?mot aiffuzsr=

.

-’#t nozzle

Second~urbm
-A

(b)Reheatturbine-~~lbrengine.

. Figure1.-Diagrammaticsketchofturbine-pro~lbrsystem. -
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(c)Regene~ti~turbine=~opel~erengine.

.

‘:q::bT~EsEJlatnozzle
Re@iwa%or

Compressor
-1

● (d)Regenerative-plus-rehee.tturbine-~opellerengine. .
Figure 1.-Conoluded.Diagrammaticsketchofturbine-propellersystem.
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.30
(d)Variationofnetthrusthorsepowerspeoiflofuelconsumptionwith

compressorpressureratioandturbine-inlettemperature.Flight
speed600milesperhour;altitude,30,000feet;100-peroent
reheat.(CurvesalsoapplyataltitudeofS0,000teet.)
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(compressorpressureratio
(e) Variationofnetthrusthorsepowerperswarefootofenginefrontal

areawith compressorpressureratioandturbine-inlettemperature.
Flightspeed,500milesperhour;altitude,30,000and50,000feet;
100-peroentreheat.

Figure3.- Continued.Performanceofreheatturbine-propellerengine.
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100-peroentreheat.

Oonolucled.Performanceofreheatturbine-propellerengine.
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(a) Variationofnetthrusthorsepowerspeolfic$fuelconsump-
tionwithcompressorpressureratio,fllghtspeed,and
altitude.Turbine-Inlettemperature,20000 R;regener-
ativeeffectiveness,0.5.
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(b) VaiattinOrnetthrusthorsepowerperpoundd enlnewel t.
withcompressorpressureratio,flightspeedaJ 2
Turbine-inlettemperature,20000R;regenera%lvee~~%v~:
ness,0.5.

FiWe 40. p~f~noe orregenerativeturbine-vopellerengine.
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Figure 4. . tlonoluded. Performenoe of regenerative turbine-propeller engine.
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Figure5.. Performanceofregenerative-plus-reheatturbine-propeller. engine.
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